Objectives: To evaluate process metrics and outcomes after implementation of the "Rethinking Critical Care" ICU care bundle in a community setting. Design: Retrospective interrupted time-series analysis. Setting: Three hospitals in the Kaiser Permanente Northern California integrated healthcare delivery system.
also contribute to long-term functional and cognitive impairment (6) (7) (8) (9) (10) (11) . Fortunately, specific ICU care practices-for example, spontaneous awakening and breathing trials to hasten liberation from mechanical ventilation or early mobilization to prevent ICU-acquired muscle weakness-have been shown to be efficacious at reducing these ICU-related sequelae (8, 12) .
Novel efforts aim to implement these proven ICU care practices together within quality improvement bundles (13) (14) (15) . For example, the Rethinking Critical Care (RCC) program from the Institute of Healthcare Improvement is designed to reduce patient adverse effects from sedation, immobility, and delirium by helping hospitals implement multiple best practices (16) . Although bundled care has proven to be an effective strategy for improving the quality of care in other critical care settings, the impact of implementing the RCC program on ICU outcomes has not been well described (15, (17) (18) (19) . Previous studies have primarily relied on pre-post comparisons, which fail to contextualize changes in outcomes within the setting of contemporaneous secular trends. Furthermore, there are no evaluations of the RCC program outside of academic medical centers.
In this study, we evaluate the practices and outcomes in a multicenter sample of community hospitals before and after implementing the RCC program. In a cohort of 24,886 ICU admissions from three ICUs in the Sacramento area of Kaiser Permanente Northern California (KPNC), we describe the RCC implementation process and its impact on mortality, mechanical ventilation, and length of stay.
METHODS
This study was approved by the KPNC Institutional Review Board for the Protection of Human Subjects, which has jurisdiction over the study hospitals.
Setting
Our investigation was centered at KPNC, an integrated healthcare delivery system with common information systems across all its hospitals and clinics. We conducted a retrospective study of the practices and outcomes at three KPNC ICUs before and after implementing ICU care bundles modeled after the "RCC" performance improvement program of Institute for Healthcare Improvement (16) .
The "RCC" Bundle
At KPNC, the RCC performance improvement effort comprises a multidisciplinary and multifaceted set of care practices that are focused on improving patient outcomes by reducing the potentially preventable complications associated with ICU care. The RCC bundle components are designed to 1) improve the recognition, prevention, and management of delirium; 2) minimize the use of sedatives (especially benzodiazepines) and the duration of mechanical ventilation; 3) increase the frequency of mobilization and ambulation in critically ill patients; and 4) optimize the coordinated care delivered by multidisciplinary teams through improved rounding strategies. The staged implementation of the RCC program across the three sites began as a pilot project at the first facility in October 2011 followed by implementation in July and November 2012 at the remaining two sites, respectively.
Bundle implementation at each site was nested within a regional RCC performance improvement effort that included clinician educational and training sessions, changes to standard electronic orders in the medical record, meetings with local and regional quality leaders and improvement advisors, and ongoing "Plan, Do, Study, Act" cycles designed to improve the implementation of changes (Appendix, Supplemental Digital Content 1, http://links.lww.com/CCM/B560) (20) . Local implementation teams consisted of a physician and nurse clinical lead, a dedicated quality improvement advisor and nurse leader, and a respiratory therapy manager; additional quality improvement staff from a regional support team served as advisors. In coordination with these efforts, staged modifications to documentation fields within the electronic medical record were made to enhance the accurate capture and assessment of process measures. To foster low latency review of implementation performance metrics, these data were also used to populate monthly RCC performance scorecards, which were disseminated and reviewed by local and regional ICU leadership. Scorecard elements, whose number increased over the period of RCC implementation, included aggregated measures of delirium assessment based on the Confusion Assessment Method ICU (CAM-ICU) test (21) , compliance with ventilator start-stop time documentation, frequency of spontaneous awakening and breathing trials, and frequency and distance of ambulation.
Implementation Process Measures
We quantified the implementation process metrics for selected elements of RCC based on the aggregated data reported in the RCC monthly scorecards. These data were extracted in a standardized fashion from central data repositories by trained quality improvement staff with specific guidelines for calculating the percentage compliance associated with each measure (Appendix Table 1 , Supplemental Digital Content 1, http:// links.lww.com/CCM/B560). We further assessed the administration of common benzodiazepines (midazolam and lorazepam) on a patient level by linking ICU patients with their corresponding medication administration records. For each medication, we captured all instances of their continuous, parenteral, or enteral administration and calculated the fraction of all ICU days in which they were administered, as well as their total dosage within an ICU episode.
Outcome Measures
Our primary outcome was hospital mortality among first-time ICU patients admitted between January 1, 2009, and August 31, 2013. We determined our eligible population by first identifying an inpatient cohort at the three sites comprised of patients 18 years old or older whose hospitalizations included an overnight stay, began in a KPNC hospital, and were not for peripartum care (22) . From this inpatient cohort, we then identified eligible ICU episodes if they were a patient's first ICU admission during a hospitalization and included critical care based on a patient's physical location within an ICU ward and an electronic order for ICU "level of care." We excluded 2,303 episodes (8.5% of the initial sample of 27,189) whose primary reason for hospitalization was neurosurgical observation or treatment (based on International Classification of Diseases, 9th Edition, principal diagnosis codes for intracranial bleeding or skull trauma of 430-432, 800-804, and 850-854) because these patients were not subject to RCC implementation. The majority of these patients were hospitalized at the pilot facility (a regional referral center for neurosurgery) and the final implementing facility (a regional center for trauma; Appendix Table 2 , Supplemental Digital Content 1, http:// links.lww.com/CCM/B560).
To quantify patients' severity of critical illness, we used a previously developed electronic adaptation of the Simplified Acute Physiology Score, version 3 (eSAPS3) (23) . The eSAPS3 incorporates 20 predictor variables based on clinical and physiologic data available within the 1 hour before and after ICU admission; variable scores are summed into a single score with a theoretical maximum value of 217. A KPNC-calibrated version of the eSAPS3 demonstrated excellent discrimination (c statistic, 0.82) for predicting hospital mortality in KPNC ICU patients (23) . We ascertained hospital and 30-day mortality based on data available within the electronic medical record and death records (22) .
Our secondary outcomes included 30-day mortality, the duration of mechanical ventilation, and the length of ICU and hospital stay. To determine the duration of mechanical ventilation, we incorporated electronic data from ventilator documentation flowsheets in a series of algorithms that assessed time-stamped data denoting ventilator equipment names, modes of ventilation, endotracheal tube characteristics, and clinician-entered start and stop times when available. We compared our electronic estimates based on these algorithms with manually calculated estimates in a randomly selected set of 150 patient records drawn from different medical centers throughout the study period. In the manual sample, the mean duration of ventilation was 101.1 hours with an sd of 158.4 hours. The mean absolute difference between the electronically and manually derived intervals was 3.4 hours corresponding to a mean difference of 6.2% in overall duration (Appendix Figure 1 , Supplemental Digital Content 1, http://links.lww.com/CCM/ B560) with a correlation coefficient of 0.96. We quantified ICU and hospital lengths of stay based on bed history records and time stamps.
Statistical Analysis
Descriptive data are presented as mean ± sd or as number (percent). To assess the impact of RCC implementation on hospital and 30-day mortality among ICU patients, we compared unadjusted mortality rates among patients treated in the preimplementation and postimplementation phases. We then fit four multivariable logistic regression models to estimate a combined intervention effect defined as the change in mortality among patients treated before and after the intervention across the three facilities. Each model incrementally added predictor variables beyond preimplementation versus postimplementation. Our base model (model 1) was unadjusted, whereas model 2 added facility-level adjustment as fixed effects. Model 3 added patient-level predictors, including patient age, gender, comorbid disease burden (based on the Comorbidity Point Score version 2), acute severity of critical illness (eSAPS3), need for mechanical ventilation, and resuscitation care order at hospital entry (full code, partial code, or do not resuscitate/ comfort care) (22) . To adjust for secular trends and seasonal variation, model 4 added study month number as a continuous variable over the entire study period and calendar month as a categorical variable. Finally, we fit a fifth model that included facility-specific mortality trends (slope) and effects (intercepts) following implementation in addition to the variables included in model 4 (24) . Values are reported as odds ratios and 95% CI where an odds ratio less than one indicates a reduction in mortality effect associated with RCC implementation.
Finally, we compared preintervals and postintervals of mechanical ventilation and lengths of stay first with the Student t test and then with a multivariable linear regression, including the variables listed above. For the length of mechanical ventilation, we truncated values to a maximum of 3 weeks. We considered a p value of less than 0.05 to be significant. Analyses were conducted using Stata/SE version 11.2 (StataCrop LP, College Station, TX) and SAS version 9.2 (SAS Institute, Cary, NC).
RESULTS
Our total sample included 24,886 first ICU episodes occurring in 19,872 patients ( Table 1) ; the distribution of ICU patients in the sample was roughly equivalent across the three facilities (ranging from 30.4% to 35.7%); however, because of the staggered implementation process, the pilot facility accounted for just under half of patients in the postimplementation period. Mean patient age was 64 ± 17 years. Mean predicted hospital mortality based on the KPNC-calibrated eSAPS3 score was 9.3% ± 11.4%. The most common reason for hospitalization was sepsis (18.1%; n = 4,452). Figure 1 and Appendix Figure 2 (Supplemental Digital Content 1, http://links.lww.com/CCM/B560) display the elements of the RCC scorecard that were available over time, as well as the aggregate and facility-level compliance with each metric. Metrics primarily demonstrating compliance with documentation (CAM-ICU testing and ventilator duration) were available early during the implementation process and were achieved at high rates. In comparison, metrics related to spontaneous awakening and breathing trials and ambulation became available later in the process and showed steep increases in compliance through the end of the study period. The uptake patterns of metric compliance were similar across facilities (Appendix Figure 2 shows quarterly hospital mortality rates over the study period; overall mortality was 12.3% for patients in preimplementation periods compared with 10.9% for those in postimplementation periods (chi-square test, p <0.01). Unadjusted hospital mortality rates decreased from 13.3% to 10.9% at facility 1 (p < 0.01), 12.5% to 11.3% at facility 2 (p = 0.12), and 11.2% to 9.9% at facility 3 (p = 0.20) before and after implementation. Odds ratios for mortality for the combined intervention effect between all regression models were of similar magnitude ( Table 2) . For example, the adjusted odds ratio for hospital mortality in the postimplementation period was 0.85 (model 4; 95% CI, 0.73-0.99; p = 0.04). The odds ratio for 30-day mortality was 0.88 (95% CI, 0.80-0.97; p = 0.01). The fifth model showed a significant decrease in the adjusted odds of hospital mortality in facilities 1 and 2 following implementation; however, the implementation had no effect on facility 3 and facility-specific mortality trends (p = 0.18-0.41) relative to the preimplementation period. Figure 3 shows the trends in duration of mechanical ventilation over the study period, as well as the number of patients receiving ventilation. Mean ventilator duration in 2009 was 93.4 ± 120.6 hours; in 2013, it was 74.9 ± 95.5 hours. Ventilator duration was statistically significantly different in unadjusted pre and post comparisons (p = 0.03) but not in adjusted comparisons(p = 0.46). Facility-level mean ventilator duration was not significantly associated with compliance with spontaneous awakening and breathing trials (p = 0.13-0.72 for each facility; Appendix Figure  3 , Supplemental Digital Content 1, http://links.lww.com/ CCM/B560). Similarly, length of stay in the ICU and hospital also decreased steadily throughout the study period; however, adjusted comparisons (p = 0.54) did not reach statistical significance. 
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DISCUSSION
In this study, we conducted an evaluation of the ICU practices and outcomes of three community-based medical centers before and after implementing the "RCC" performance improvement program. Following implementation, we found that ICU practices changed resulting in an increased frequency of benzodiazepine-free days, assessments for delirium, spontaneous awakening and breathing trials, and ambulation. However, we also found that the rate of adoption for individual practices varied over time with the frequency of some practices seeming to be rising sharply late in the study period. Overall, RCC implementation was not associated with incrementally greater decreases in the length of ventilation or hospitalization; however, it was independently associated with a 15% reduction in the adjusted odds of hospital mortality and a 12% decrease in the odds of 30-day mortality. At the same time, based on the design of this study of an ongoing quality improvement program, this decrease could not be directly attributable to specific elements of the RCC care bundle. Several previous studies have shown that individual elements comprising the RCC program improve short-and long-term outcomes in critically ill patients (8, 12) . As a result, increasing attention has focused on improving ICU care by implementing these elements together through bundled care initiatives (13) (14) (15) . For example, the RCC and Awake and Breathing trial coordination, Choice of sedatives and analgesia, daily Delirium monitoring, and early Exercise and mobility ("ABCDE") bundles focus on reducing the morbidity and mortality resulting from critical care and ventilation (25, 26) . However, the efficacy of these initiatives on ICU outcomes when bundled together has not been well described, especially when placed within the context of secular trends that predate implementation (15) . Most studies of the individual practice elements have occurred within the confines of randomized clinical trials at academic medical centers, which may impact their effectiveness when deployed in other care settings.
In a recent study, Balas et al (15, 26) evaluated the outcomes of 296 general ICU patients before and after implementation of the "ABCDE" program at a single academic medical center. Following implementation, patients were significantly more likely to undergo spontaneous awakening and breathing trials, to be mobilized even when mechanically ventilated, and to not receive benzodiazepines during their ICU stay. The corresponding changes in outcomes following implementation were substantial. Patients spent more days free of mechanical ventilation over a 28-day period and demonstrated a 45% reduction in their odds of delirium during their ICU stay. Implementation was also associated with an impressive 44% reduction in 28-day hospital mortality (15) .
In our much larger study, we found the impact of RCC implementation to be more modest. For example, although our metrics to evaluate the use of mechanical ventilation differed, we found that differences in the mean length of ventilation between the prephases and postphases were not significant when accounting for the secular trend toward shorter ventilation that was already present before implementation. Comparisons of ICU and hospital length of stay yielded similar findings. Despite these nonsignificant findings in presumed intermediate outcomes, we did note a modest reduction in adjusted hospital and 30-day mortality.
The more modest impact of RCC implementation on outcomes in our study could have resulted from several factors. First, the ICU case-mix differed between studies; for example, 63% of ICU patients in the study by Balas et al (15) sample were mechanically ventilated compared with 18% in our sample. Not surprisingly, baseline mortality was 20% in the preimplementation sample in the study by Balas et al (15) , compared with 12% in the current study. Second, Balas et al (15) found that before "ABCDE" implementation, many patients were already receiving individual bundle elements. For example, 47% of mechanically ventilated patients were already being mobilized out of bed, and 71% of patients underwent a spontaneous breathing trial. Although the metrics in our study differed, even our postimplementation compliance seemed lower potentially raising the possibility that the benefits of bundle implementation manifest in a stepwise, rather than linear, fashion requiring a "critical mass" for improvement.
Third, our metrics for awakening and breathing trials and ambulation showed rapid increases from 2013 forward, suggesting that the number of patients who were in the postimplementation phase and also receiving these care elements was still increasing. Thus, this study may be capturing only the partial impact of a multifaceted and complex performance improvement program still in the process of maturing. The facility-specific mortality analysis shows that the impact of implementation period was most prominent in the two earlier implementing facilities. At the same time, however, it was clear that at a facility level, individual bundle elements, as seen in the example of spontaneous awakening and breathing trials at facility 3, were already underway even before the facility formally entered the implementation period. Finally, although the RCC and "ABCDE" programs bear many similarities, there may have been differences in the implementation strategies used at study hospitals.
The primary strength of our study is that we evaluated a very large sample of ICU patients from a multicenter sample of community hospitals. Thus, our findings help to address critical gaps in our understanding of how efficacious but complex practices in the ICU can be translated into effective real-world practice (27) . Outside of carefully scripted clinical trials, implementation of multidisciplinary bundled programs requires broad institutional and stakeholder commitment that needs to be balanced against the competing demands of other challenging quality improvement efforts. In a recent study of four hospitals, Carrothers et al (28) found that numerous structural and cultural elements were relevant for reliably implementing the ABCDE bundle including stable ICU leadership with multidisciplinary representation and a commitment to a culture of quality improvement, as well as access to resources (both training materials and trainers). Our study suggests that these commitments result in improved risk-adjusted mortality; however, additional study is necessary to understand which facets of the program and implementation process mediated the improvement. Our study also benefits from baseline data preceding the implementation period allowing us to evaluate RCC implementation against the background of steadily improving outcomes over time.
Our findings should also be noted in light of the study's limitations. First, we conducted a retrospective analysis of electronic data collected in the course of routine clinical care. As a result, important metrics related to some bundle elements were not available through the entire period limiting our ability to comprehensively evaluate the program's implementation. Thus, in this study, we were not able to conduct specific subanalyses associating individual metric compliance with outcomes. Future studies should address the relative importance of different bundle elements on outcome improvement. Second, bundle implementation was initiated in late 2011 in a pilot site but was still being undertaken through the data collection period limiting our ability to measure the full impact of implementation especially in a mature phase marked by increased compliance. Third, our study was not designed to look at additional variables of interest including the frequency of delirium in our population or changes in discharge disposition that are thought to be important risk factors or outcomes in assessing ICU complications. Fourth, our study does not account for changes in practice and outcomes resulting from other contemporaneous quality improvement efforts, although RCC implementation was the major focus of regional quality improvement after our sepsis performance improvement efforts matured in mid 2010. Finally, our study used aggregate measures of clinical staff documentation of RCC metrics, which may not have accurately captured true bundle implementation or performance.
CONCLUSIONS
In conclusion, we found that the staged implementation of the RCC ICU care improvement program in a multicenter community hospital setting was associated with changes in practice and a 12-15% reduction in the odds of short-term mortality in interim analysis. However, our findings may represent an evaluation of changes in practices and outcomes still in the midimplementation phase and cannot be directly attributed to the elements of bundle implementation.
